experiments the latitude of the maximum wintertime jet increase changes by only ∼6 • . We propose that this nearly invariant spatial response pattern is due to variations in the stationary wavenumber with latitude leading to differences in the zonal vs meridional wave propagation.
Introduction

33
The Earth's major mountain belts and plateaux have a significant impact on its climate (Char-34 ney and Eliassen 1949) . In northern midlatitudes, orography plays a large role in setting zonal 35 asymmetries in continental temperature and precipitation (e.g., Seager et al. 2002) , sharpening the 36 eddy-driven zonal jet, and strengthening the storm tracks (e.g., Inatsu et al. 2002; Brayshaw et al. 37 2009). In the tropics, the Andes play a role in the off-equatorial displacement of the climatolog- circulation to influence oceanic meridional over-turning circulation (e.g., Warren 1983 ).
44
In midlatitudes, the dominant mechanism through which orography has a large-scale climatic 45 impact is the forcing of stationary Rossby waves. After the pioneering work of Charney and 46 Eliassen (1949) and Smagorinsky (1953) , there was a resurgence of research on the impact of 47 latitude (section 5b) and height (section 5c). In section 6 we discuss how our results compare to 80 those expected from stationary wave theory. given by q = −q y η, where q is the background PV, the subscript y denotes the meridional gradient 105 ∂ /∂ y, and η is the northward displacement of a fluid parcel, which can be approximated as half 106 the meridional extent of the mountain (Valdes and Hoskins 1991) .
107
Hereafter we refer to responses with a west-east dipole of low-level (850mb) anticyclonic and is that impinging air will follow the path along which it experiences the smallest perturbation in 115 potential temperature, θ : if the variation in θ following a path over the top of the orography is 116 greater than that for a path traveling horizontally around the orography, i.e. θ z h > |θ y η|, then 117 horizontal deflection will dominate (Valdes and Hoskins 1991) . Horizontal deflection is therefore 118 more likely for higher mountains, or those that are less meridionally extensive.
119
Historically, in most linear stationary wave models the deflected circulation (∆u) could not in-120 teract with the imposed orography, with the result that a vertical deflection response was prede-
121
termined by these models (Valdes and Hoskins 1991) . In the literature vertical deflection is often 122 referred to as 'linear forcing', relative to the 'nonlinear forcing' of horizontal deflection. We avoid and associated mountain ranges; we refer to this combined orography as the Tibetan plateau.
146 Figure 2 shows the relevant orography, with these regions shown by dashed ('Mongolian plateau') 147 and solid ('Tibetan plateau') outlines. Some overlap between these regions occurs due to the 148 7 smoothing applied at the boundaries to avoid creating artificially steep orographic walls. Gaussian 149 smoothing is applied in a 6 grid-box wide 'sponge' region at each boundary. Within the sponge 150 region the height is given by h = MAX(50.0, f (x, y) * h 0 ) where MAX is the maximum function, 151 f(x,y) is a Gaussian function of magnitude 1.0 at the outermost grid box to 0.0 at the innermost 152 grid box, and h 0 is the topographic height from the USGS dataset.
153
In section 5 we also perform idealized plateaux experiments, in which all global topography is 154 flattened to 50 m above sea level, and then a Gaussian-edged plateau with a flat top is added. The 155 effect of the orography is found relative to a flat control experiment (flat-CTL) with all land at 50 m 156 above mean sea level. Flattening all orography alters the background atmospheric circulation into 157 which the idealized plateaux are placed; this will contribute to some differences from the realistic-
158
orography experiments (Held and Ting 1990) .
159
The CESM model requires the specification of the standard deviation of sub-grid scale orogra- 
181
EP flux theory has been extended to examine zonally-varying stationary wave activity fluxes 182 on a zonal-mean background flow (Plumb 1985) , and more recently to also allow for a zonally- To help understand the paths of the orography-forced stationary Rossby waves illuminated by the 193 Takaya-Nakamura wave activity fluxes we make use of the local Rossby stationary wave number, is the Mongolian plateau that has the strongest impact on far-field circulation.
270
The low-level response to the Mongolian plateau has a positive lobe to the north-west of the 271 orography, similar to the horizontal-deflection dominated response of the combined orography. it is a combination of the two. The Tibetan plateau is both higher (by a factor of ∼2.5) and 303 meridionally more extensive (by a factor of ∼1.5) than the Mongolian plateau; these differences 304 in orographic size will counter some of the latitudinal differences in forcing. larger source of wave energy to upper-levels than Tibet (figure 6b).
319
The response of the downstream circulation, including the jet response, will also be affected by 320 the propagation of this wave energy downstream of the orography, which we now discuss. where K s ∼ 3.5. Initially, as k < K s , l ≈ ±2.5 and thus the excited waves will propagate both 344 zonally and meridionally. As the equatorward propagating wave travels into the local minimum 345 in K s around 40 • N it be refracted towards more zonal propagation. Any wave activity that is 346 able to reach the southward side of this local minimum will see a gradient of ∂ K s /∂ y < 0; l will 347 therefore increase in magnitude and the wave will be refracted towards the south and into the strong 
370
As noted above, an increase in zonal wind requires a negative meridional gradient in anomalous 371 geopotential. Following the streamfunction patterns in figure 3i and j, we find that the average We briefly investigate the impact of orography in months outside of northern hemisphere winter. is moved farther north; however it is difficult to discern from the response patterns in figure 11 456 whether this holds true in our experiments.
457
Between 100-150 • E, the latitude of the response is relatively insensitive to the latitude of the greater.
504
The circulation response to orography in months outside of DJF is consistent with our conclu- the pole (see figure 7a ). Assuming the same zonal wavenumber k is excited by the orography at 520 all latitudes, the relation K 2 s = k 2 + l 2 shows that more northerly generated waves should therefore 521 have a lower initial l. They should thus propagate more zonally and have a larger meridional 522 wavelength than waves generated at lower latitudes. This will result in different ray paths, which 523 appear to partially compensate for the northward shift of the plateau (wave source).
524
We find that increases in elevation above 2 km have only a muted impact on the maximum 
533
Conversely, the Tibetan plateau decreases storm track strength in this region by up to 20%.
534
Throughout this paper we concentrate on tropospheric effects; however, the presence of the 
